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DIODES OFFERING ASYMMETRIC
STABILITY DURING FLUIDIC ASSEMBLY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of U.S. patent appli-
cation Ser. No. 15/859,673 entitled “Diodes Offering Asym-

metric Stability During Fluidic Assembly” and filed Jan. 1,
2018 by Schuele et al., which 1n turn 1s a continuation of

U.S. Pat. No. 9,892,944 entitled “Diodes Oflering Asym-
metric Stability During Fluidic Assembly™ and filed Jun. 23,
2016 by Schuele et al. The entirety of the aforementioned
application 1s incorporated herein by reference for all pur-

pOSseEs.

FIELD OF THE INVENTION

Embodiments are related to systems and methods for
fluidic assembly, and more particularly to systems and
methods for assuring deposition of elements 1n relation to a
substrate.

BACKGROUND

LED displays, LED display components, and arrayed
LED devices include a large number of diodes formed or
placed at defined locations across the surface of the display
or device. Forming or placing such a large number of diodes
often results 1n low throughput or in a number of defects
which reduce the yield of a display or device manufacturing
process. Some approaches to increasing throughput and
yield include adding additional diodes per pixel to provide
enough redundancy to ensure that at least a suflicient number
of diodes per pixel are properly formed. This type of
approach oflers enhanced vield, but without adding a large
number of redundant diodes per pixel, display yields are
often still lower than desired. Any wvield less than one
hundred percent within a display 1s costly both 1n an 1impact
on profits and an 1mpact on manufacturing throughput.

Hence, for at least the aforementioned reasons, there
exists a need in the art for advanced systems and methods for
manufacturing LED displays, LED display components, and
LED devices.

SUMMARY

Embodiments are related to systems and methods for
fluidic assembly, and more particularly to systems and
methods for assuring deposition of elements 1n relation to a
substrate.

This summary provides only a general outline of some
embodiments of the invention. The phrases “in one embodi-
ment, R

27 &6

according to one embodiment,” “in various embodi-
ments”, “in one or more embodiments”, “in particular
embodiments” and the like generally mean the particular
feature, structure, or characteristic following the phrase 1s
included 1n at least one embodiment of the present invention,
and may be included 1n more than one embodiment of the
present invention. Importantly, such phrases do not neces-
sarily refer to the same embodiment. Many other embodi-
ments of the mvention will become more fully apparent
from the following detailed description, the appended claims
and the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

A further understanding of the various embodiments of
the present invention may be realized by reference to the
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2

figures which are described in remaining portions of the
specification. In the figures, like reference numerals are used

throughout several figures to refer to similar components. In
some 1nstances, a sub-label consisting of a lower case letter
1s associated with a reference numeral to denote one of
multiple similar components. When reference 1s made to a
reference numeral without specification to an existing sub-
label, 1t 1s 1ntended to refer to all such multiple similar
components.

FIG. 1 depicts a fluidic assembly system capable of
moving a suspension composed of a carrier liquid and a
plurality of post enhanced diodes relative to the surface of a
substrate 1n accordance with one or more embodiments of
the present inventions;

FIGS. 2a-2¢ show a portion of a display including a
substrate having a number of wells each filled with a
respective post enhanced diode in accordance with embodi-
ments of the present mventions;

FIGS. 3a-3d show a portion of a display including a well
into which a post enhanced diode can be deposited 1n
accordance with some embodiments of the present inven-
tions;

FIGS. 4a-4d show a portion of a display including a
through hole via well into which a post enhanced diode can
be deposited 1n accordance with other embodiments of the
present 1nventions;

FIGS. 35a-5d show a portion of a display including a
concentric grooved well into which a post enhanced diode
can be deposited in accordance with one or more embodi-
ments of the present mventions;

FIGS. 6a-6b are top views of alternate groove patterns in
accordance with other embodiments of the present inven-
tions;

FIG. 7 1s a flow diagram depicting a method for forming
a post enhanced diode 1n accordance with some embodi-
ments of the present mventions; and

FIGS. 8-9 are flow diagrams showing methods for depos-
iting or placing post enhanced diodes into substrate wells 1n
accordance with various embodiments of the present inven-
tions.

DETAILED DESCRIPTION OF SOME
EMBODIMENTS

Embodiments are related to systems and methods for
fluidic assembly, and more particularly to systems and
methods for assuring deposition of elements 1n relation to a
substrate.

Various embodiments of the present imventions provide
fluidic assembly systems that include: a substrate and a
suspension. The substrate includes a plurality of wells, and
the suspension includes a carrier liquid and a plurality of
post enhanced diodes each including a post extending from
a top surface of a diode structure. In some instances of the
aforementioned embodiments, the systems further include a
suspension movement device operable to move the suspen-
sion over the substrate such that a portion of the plurality of
post enhanced diodes deposit i respective ones of the
plurality of wells.

In various instances of the atorementioned embodiments,
the diode structure of the post enhanced diodes includes: the
top surface formed at least in part of a first electrically
conductive material; a planar bottom surface formed at least
in part of a second electrically conductive material; a first
clectrical contact configured to conduct charge to the first
clectrically conductive material, and a second electrical
contact configured to conduct charge to the second electri-
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cally conductive material. In one or more instances of the
aforementioned embodiments, each of the plurality of wells
includes a through hole via extending through the substrate
from the bottom of the respective well. In some such cases,
a width of a surface of the post substantially parallel to the
top surface of the diode structure 1s greater than a width of
the through hole via. In other such cases, the through hole
via 1s ofl center from a substantially circular shaped bottom
of the respective well.

In some 1nstances of the atorementioned embodiments, a
maximum width of the bottom surface is less than a maxi-
mum width of each of the plurality of wells. In various
instances of the atorementioned embodiments, an electrical
contact 1s formed on an interior surface of each of the
plurality of wells. In some 1nstances of the aforementioned
embodiments, an orientation of each of the plurality of post
enhanced diodes where the post extends away from the
substrate 1s a non-inverted orientation, wherein an orienta-
tion of each of the plurality of post enhanced diodes where
the post extends toward the substrate 1s an mverted orien-
tation, and wherein one of the plurality of post enhanced
diodes deposited 1n a respective well 1s more mechanically
stable 1 the non-mverted orientation than in the mverted
orientation. In one or more instances of the aforementioned
embodiments, an orientation of each of the plurality of post
enhanced diodes where the post extends away from the
substrate 1s a non-inverted orientation, an orientation of each
of the plurality of post enhanced diodes where the post
extends toward the substrate 1s an inverted orientation, and
an orientation of one of the plurality of post enhanced diodes
in contact with a surface of the substrate 1s more mechani-
cally stable in the non-inverted orientation than in the
inverted orientation.

In various 1nstances of the aforementioned embodiments,
an orientation of each of the plurality of post enhanced
diodes where the post extends away from the substrate 1s a
non-inverted orientation, an orientation of each of the plu-
rality of post enhanced diodes where the post extends toward
the substrate 1s an inverted orientation, and the substrate
turther includes at least one groove configured such that an
orientation of one of the plurality of post enhanced diodes
traversing the groove 1s more mechanically stable i the
non-inverted orientation than in the inverted orientation. In
some such instances, the groove extends into the substrate
with a leading edge exhibiting a slope greater than a trailing
edge, and whereupon moving the suspension over the sub-
strate one of the post enhanced diodes crosses the trailing
edge belfore crossing the leading edge. In various such
instances, a depth of the groove 1nto the substrate 1s less than
a distance from an edge of the top surface of the diode
structure to an edge of the post. In one or more such
instances, a width of the groove at a surface of the substrate
1s less than a distance from an edge of the top surface of the
diode structure to an edge of the post.

Other embodiments of the present inventions provide post
enhanced diodes. Such post enhanced diodes include: a
planar top surface formed at least in part of a first electrically
conductive material; a planar bottom surface formed at least
in part of a second electrically conductive material; a post
extending from the top surface; a first electrical contact
configured to conduct charge to the first electrically con-
ductive matenal; and a second electrical contact configured
to conduct charge to the second electrically conductive
materal.

In some instances of the atorementioned embodiments,
the top surface exhibits a first maximum width, a surface of
the post that 1s substantially parallel to the top surface
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4

exhibits a second maximum width, and the first maximum
width 1s at least two times the second maximum width. In
various instances of the atorementioned embodiments, the
height of the post 1s measured from the top surface to the
surface of the post that 1s substantially parallel to the top
surtace and the thickness of the diode structure 1s measured
from the top surface and the bottom surface. In some cases,
the thickness-to-height ratio 1s 1 a range of 1:0.6 to 1:4. In
one or more instances of the atorementioned embodiments,
the top surface exhibits a maximum width and the thickness
of the diode structure 1s measured from the top surface and
the bottom surface. In some cases, the maximum width-to-
thickness aspect ratio 1s 1n a range of 5:1 to 50:1.

In some instances of the aforementioned embodiments,
the post 1s the first electrical contact. In various instances of
the aforementioned embodiments, the post 1s formed of an
insulator material. In some cases, the top surface 1s circular
in shape, while 1n other 1nstances the top surface 1s polygo-
nal 1n shape. In particular cases, the top surface 1s hexagonal
in shape with a width of each facet of the hexagon suil-
ciently small to allow the top surface to fit within a given
well. In various instances of the aforementioned embodi-
ments, a surface of the post that 1s substantially parallel to
the top surface has a shape circular in shape, while 1n other
instances 1t 1s polygonal 1n shape. In one or more nstances
of the atorementioned embodiments, the post 1s formed of a
third conductive material which, in some cases, 1s the same
as the first conductive material. In some cases, the first
conductive matenial 1s a p-doped semiconductor material,
and the second conductive material 1s an n-doped semicon-
ductor material. In some cases the post can have a rounded
top surface or surface with complex curvature, and 1n other
cases 1t can have a substantially flat top surface. In other
cases, multiple posts may exist on the diode top surface. The
posts can be center on the diode surface or they can be
ofl-set.

Yet other embodiments provide substrates for fluidic
assembly. Such substrates include: a plurality of wells
extending from a top surface of the substrate, where each of
the plurality of wells 1s configured to accept a post enhanced
diode; and at least one groove extending into the top surface
of the substrate and configured such that an orientation of the
post enhanced diodes traversing the groove 1s more
mechanically stable 1n a non-inverted orientation than 1n an
inverted orientation. The post enhanced diode includes a
post extending from a top surface of a diode structure. When
the post enhanced diode 1s 1n a non-inverted orientation, the
post extends away from the top surface of the substrate.
When the post enhanced diode 1s 1n an inverted orientation,
the post extends toward the top surface of the substrate. In
some 1nstances of the alorementioned embodiments, a depth
of the groove into the substrate 1s less than a distance from
an edge of the top surface of the diode structure to an edge
of the post. In various nstances of the alorementioned
embodiments, a width of the groove at a surface of the
substrate 1s less than a distance from an edge of the top
surface of the diode structure to an edge of the post.

Turning to FIG. 1, a fluidic assembly system 100 capable
of moving a suspension 110 composed of a carrier liquid 115
and a plurality of post enhanced diodes 130 relative to the
surtace of a substrate 140 1s shown 1n accordance with one
or more embodiments of the present inventions. In some
embodiments, substrate 140 1s formed of a polymer material
laminated to the surface of a glass substrate. In particular
embodiments, wells 142 are etched or otherwise formed 1n
the laminate layer. As used herein, the term “well” 1s used in
its broadest sense to mean any surface feature into which a
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post enhanced diode may be deposited. In other embodi-
ments, the substrate 1s made of glass with wells 142 directly
formed 1nto the glass. Wells 142 may have flat and vertical
surfaces as shown, or they may have bottoms and sides with
complex curvatures. Based upon the disclosure provided
herein, one of ordinary skill in the art will recognize a
variety of materials, processes, and/or structures that may be
used to form substrate 140. For example, substrate 140 can
be formed of any material or composition compatible with
fluidic device processing. This can include, but 1s not limited
to, glass, glass ceramic, ceramic, polymer, metal, or other
organic or imorganic materials. As examples, wells 142 can
be defined in a single material forming a surface feature
layer when applied to the surface of a base glass sheet. It 1s
also possible for patterned conductor layers to exist between
wells 142 formed 1n such a surface feature layer and the base
glass layer. Substrate 140 can also be made of multiple
layers or combinations of these materials. Substrate 140 may
be a flat, curved, rigid, or flexible structure. In some cases,
substrate 140 may end up being the final device substrate or
it may only serve as an assembly substrate to position post
enhanced diodes 130. In the case of an assembly substrate,
post enhanced diodes 130 would then be transierred to the
final device substrate 1n subsequent steps.

In some embodiments, carrier liquid 115 1s 1sopropanol.
Based upon the disclosure provided herein, one of ordinary
skill 1n the art will recognize a variety of liquids, gasses,
and/or liquid and gas combinations that may be used as the
carrier liquid. It should be noted that various analysis
provided herein 1s based upon flow 1n a single, continuous
direction or in other cases a relatively simple back-forth
motion, but that the flow may be more complex where both
the direction and magnitude of fluid velocity can vary over
time.

As shown in FIG. 1, post enhanced diodes 130 each
include a relatively large diode structure and a smaller post
extending from a top surface of the diode structure, and
wells 142 1n substrate 140 are each capable of recerving a
given post enhanced diode 130 1n a non-1nverted orientation.
As used herein, the phrase “post enhanced diode” 1s used
broadly to mean any device with a post extending from a
surface of either an anode or cathode of a diode structure
such that at least a portion of an outer edge of the post 1s set
back from an edge of the diode structure. As used herein the
phrase “non-inverted orientation” 1s used 1n 1ts broadest
sense to mean any orientation of a post enhanced diode 130
with the post extending generally away from the top surface
of substrate 140 (1.e¢., away from the bottom of wells 142);
and as used herein the phrase “inverted orientation” 1s used
in 1ts broadest sense to mean any orientation of a post
enhanced diode 130 with the post extending generally
toward the top surface of substrate 140 (i.e., toward from the
bottom of wells 142). Using these definitions, post enhanced
diodes 130a, 1305, 1307, and 130¢ are each 1n a non-inverted
orientation; and post enhanced diodes 130c¢, 1304, and 130e¢
are each 1n an inverted orientation. The diode structure and
post of post enhanced diodes 130 are discussed 1n greater
detail below 1n relation to FIGS. 2a-2e. It should be noted
that in some cases the diode structure including an anode on
one side and a cathode on the other can be referred to as
asymmetric due to the different materials on each side of the
diode structure, however, the use of the term “asymmetric”
in relation to a diode herein refers to any asymmetry of
forces generated by ligmd movement around a post
enhanced diode between an inverted orientation and a non-
inverted orientation due to a post extending from the diode
structure. In some cases, the depth of wells 142 1s substan-
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tially equal to the height of the diode structure of each of the
post enhanced diodes 130, and the inlet opening of wells 142
1s greater that the width of the diode structure of each of the
post enhanced diodes 130 such that only one post enhanced
diode 130 deposits mto any given well 142. It should be
noted that while embodiments discuss post enhanced diodes
that include a single post extending from a diode structure,
that various embodiments provide post enhanced diodes that
cach include two or more posts each extending from the
same diode structure.

A depositing device 150 deposits suspension 110 over the
surface of substrate 140 with suspension 110 held on top of
substrate 140 by sides 120 of a dam structure. In some
embodiments, depositing device 150 1s a pump with access
to a reservoir ol suspension 110. A suspension movement
device 160 agitates suspension 110 deposited on substrate
140 such that post enhanced diodes 130 move relative to the
surface of substrate 140. As post enhanced diodes 130 move
relative to the surface of substrate 140 they deposit mnto
wells 142 1n either a non-inverted orientation or an mverted
orientation. In some embodiments, suspension movement
device 160 1s a brush that moves 1n three dimensions. Based
upon the disclosure provided herein, one of ordinary skill in
the art will recognize a variety of devices that may be used
to perform the function of suspension movement device 160
including, but not limited to, a pump.

When deposited 1in the inverted orientation (e.g., post
enhanced diode 130d), the movement generated by suspen-
sion movement device 160 generates force likely to dislo-
cate an 1mnverted post enhanced diode 130 from a given well
142. In contrast, when deposited in the non-inverted orien-
tation (e.g., post enhanced diode 130g), the force on the
deposited, non-inverted post enhanced diode 130 caused by
suspension movement device 160 1s unlikely to dislocate the
post enhanced diode from a given well 142. In some
embodiments, the likelihood of dislocating an mverted post
enhanced diode 130 from a well 142 1s much greater than the
likelihood of dislocating a non-inverted post enhanced diode
130 from a well 142. In some embodiments the moment of
force required to dislocate an mverted post enhanced diode
130 from a well 142 is between 0.01x10”"*N-m and 1.0x
10~'*N-m depending upon the width to height ratio of the
post and the diameter of the diode structure (where a positive
value of the moment of force indicates the diode structure of
a post enhanced diode 130 1s being forced to rotate about a
point of rotation); and the moment of force required to
dislocate a non-inverted post enhanced diode 130 from a
well 142 1s a negative value (where a negative value of the
moment ol force indicates the diode structure of a post
enhanced diode 130 1s being pushed down on the surface of
substrate 140) for the same width to height ratio of the post
and thickness of the diode structure making any displace-
ment unlikely. As used herein, a post enhanced diode 1s
considered “likely to dislocate” where the moment of force
1s a positive value, and 1s considered “unlikely to dislocate™
where the moment of force 1s a negative value.

Similarly, when moving across the surface of substrate
140 1in the inverted orientation (e.g., post enhanced diode
130¢), the movement generated by suspension movement
device 160 generates a force likely to flip an mnverted post
enhanced diode 130. In contrast, when moving across the
surface of substrate 140 in the non-inverted orientation (e.g.,
post enhanced diode 1300, the force on the non-inverted post
enhanced diode 130 caused by suspension movement device
160 1s less likely to tlip the post enhanced diode. In some
embodiments, the likelithood of flipping an inverted post
enhanced diode 130 moving near the surface of substrate
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140 1s greater than the likelihood of tlipping a non-inverted
post enhanced diode 130 moving similarly near the surface
of substrate 140 as the moment of force for the inverted post
enhanced diode 130 1s greater than the moment of force for
the non-nverted post enhanced diode 130.

A capture device 170 includes an inlet extending into
suspension 110 and capable of recovering a portion of
suspension 110 including a portion of carrier liquid 115 and
non-deposited post enhanced diodes 130, and returning the
recovered material for reuse. In some embodiments, capture
device 170 1s a pump. More detail regarding the interaction
ol post enhanced diodes 130 with substrate 140 and wells
142 1s provided in relation to FIGS. 3-5 below.

Turning to FIG. 2a, a top view 200 of a substrate portion
230 1s shown including a number of wells 205 1nto which
post enhanced diodes 210 have been successiully deposited.
Each of post enhanced diodes 210 of FIG. 2a are represented
in a top view 235 of FIG. 25, a cross sectional view 250 of
FIG. 2¢, and a circuit symbol 280 of a post enhanced diode
210 operating as an LED. Post enhanced diodes 210 include
one or more features that enable the relative flow of a carrier
liguad about post enhanced diodes 210 to create a net
moment of force for increasing a likelihood of flipping post
enhanced diodes 210 from a first orientation to a second
orientation, with a dissimilar (1.e., asymmetric) likelihood of
tlipping post enhanced diodes 210 from the second orien-
tation to the first orientation. These features may include
sidewall angles, surface structures such as posts, or the
general shape of the post enhanced diodes 210. Notably, the
alforementioned structures and shapes of the post enhanced
diodes 210 that encourage asymmetric re-orientation may or

may not be present in a final display incorporating post
enhanced diodes 210.

As shown i FIGS. 2b-2¢, post enhanced diode 210
includes a planar top surface 245 of an electrically conduc-
tive material 260 (shown as an un-patterned region). As used
herein, the term “planar” 1s used in its broadest sense to
mean two dimensional with exception of defects or process
related variance standard in semiconductor manufacturing,
processes. In some embodiments, electrically conductive
material 260 1s p-doped Gallium Nitride (GaN). A post 255
(show as a hatched pattern region) extending from top
surface 243 1s also shown. A top surface 240 of post 255 1s
also shown. In some embodiments, post 255 1s formed of
clectrically conductive material 260 (1.e., a homogeneous
post). In other embodiments, post 255 1s formed of a
material other than electrically conductive material 260 (1.¢.,
a heterogeneous post). In some cases, a heterogeneous post
1s formed at least 1n part of an insulating layer such as S10.,,
and in other cases a heterogeneous post 1s formed of a
conductive material such as a metal compatible with depo-
sition on electrically conductive material 260. It should be
noted that while post 255 1s shown as substantially centered
on top surface 245, in other embodiments post 255 may be
oflset from a center position at any location from a center
point of top surface 245 to a radial distance from the center
point such that a portion, but not all of the edges, of post 255
1s coextensive with an edge of a diode structure 285. In some
cases the post can have a rounded top surface or surface with
complex curvature, and 1n other cases it can have a substan-
tially flat top surface. In other cases, multiple posts may exist
on the diode top surface.

Various approaches may be used for forming post 255 on
diode structure 2835. For example, fabricating a homoge-
neous post may include etching the top surface of a thick
layer of electrically conductive material 260 to vyield the
combination of both post 255 and the layer of electrically
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conductive material 260 shown 1n cross sectional view 250;
or by forming the layer of electrically conductive material
260 followed by selective epitaxial growth using the same
maternial to form post 255. As other examples, fabricating a
heterogeneous post may include etching the post from a film
that 1s deposited onto top surface 245 of diode structure 285,
or by forming a post with a different material through plating
or a templated growth process on top of top surface 245 of
diode structure 2835. This latter approach permits the use of
any material for the post (e.g., dielectrics, metals, etc.). In
some cases, photolithography of a photo resist may be used
in relation to the alorementioned plating or template growth.

Top surface 245 includes one or more electrical contacts
282, 286 that conduct charge from a signal source (not
shown) to electrically conductive matenial 260. In some
embodiments, electrical contacts 282, 286 are formed of a
metal deposited onto the layer of electrically conductive
material 260. In other embodiments, electrical contacts 282,
286 are an exposed area of top surface 245 to which a signal
source (not shown) can contact electrically conductive mate-
rial 260. In some embodiments where post 255 1s formed of
a conductive material 1t operates as a post. In one particular
embodiment where post 255 1s formed of electrically con-
ductive material 260, an exposed area of top surface 240 to
which a signal source (not shown) can contact electrically
conductive material 260 operates as an electrical contact.

The layer of electrically conductive material 260 1s dis-
posed on top of a multiple quantum well (MQW) 2635
(shown as a hatched pattern region), which in turn 1s
disposed on top of a layer of an electrically conductive
material 270 (shown as an un-patterned region). In some
embodiments, electrically conductive material 270 1s
n-doped Gallium Nitride (GalN). MQW 265 may be formed
of any material compatible with both electrically conductive
material 260 and electrically conductive material 270, and
which when sandwiched between electrically conductive
material 260 and electrically conductive material 270 1s
capable of operating as a light emitting diode (LED).
Together, the layer of electrically conductive material 260,
MQW 265, and the layer of electrically conductive material
270 form a diode structure of post enhanced diodes 210.
Based upon the disclosure provided herein, one of ordinary
skill 1n the art will recognize a variety ol materials and
material combinations that may be used 1in forming diode
structure 285 of a given post enhanced diode 210. As
different post enhanced diodes 210 are intended to emit light
of different wavelengths (e.g., red, green, blue), the con-
struction and/or materials for different instances of post
enhanced diodes 210 will vary to achieve a desired color
distribution.

The layer of electrically conductive material 270 includes
a planar bottom surface 275. Bottom surface 275 includes
one or more electrical contacts 284, 288 that conduct charge
from a signal source (not shown) to electrically conductive
material 270. In some embodiments, electrical contacts 284,
284 are formed of a metal deposited onto the layer of
clectrically conductive material 270. In other embodiments,
clectrical contacts 284, 288 are an exposed area of bottom
surface 275 to which a signal source (not shown) can contact
clectrically conductive material 270. In particular cases,
electrical contacts 284, 288 are two sides of the same contact
extending as a concentric circle of exposed electrically
conductive material 270 around the perimeter of bottom
surface 275.

Post 255 has a width (Wp) and a height (Hp), and diode
structure 2835 has a width (Wd) and a height (Hd). As more

tully discussed below 1n relation to FIG. 2e, the sides of post
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2355 and diode structure 285 1n some cases are not pertectly
vertical and may vary. In such a case, the aforementioned
width and height characteristics of post 255 and diode
structure 285 are considered to be: the maximum width
where the width varies as a function of height, and the
maximum height where the height varies as a function of
width. In some embodiments, the width:height ratio of diode
structure 285 (1.e., Wd:Hd) 1s between 5:1 and 50:1. In some
particular embodiments, the width:height ratio of diode
structure 285 (1.e., Wd:Hd) 1s between 5:1 and 30:1. In some
embodiments, the width:height ratio of post 255 (i.e.,
Wp:Hp) 1s between 2:1 and 5:1. In various embodiments, the
height of diode structure 285 (1.e., Hd) 1s between 4 um and
7 um, and the height of post 255 (i.e., Hp) 1s between 2 um
and 7 um, 1n part depending upon the desired ratio of Hd to
Hp.

The dimensions of post 255 can affect the stability of an
inverted post enhanced diode 210. In particular, 1f the post
1s too small, post enhanced diode 210 will not be as likely
to flip into a non-inverted orientation. Numerical modeling
of the fluidic process shows that, for a 50-um-diameter (Wd)
diode structure that 1s 5 um thick (Hd) exposed to a tlow
velocity of a carrier liquid of 4.6 mm/s, a post with dimen-
sions of 10 umx5 um (WpxHp) will tlip the disk to the
non-inverted orientation. Models with varying post dimen-
s1ons on a 5S0-um-diameter (Wd) disk diode structure that are
captured 1n a 3 um deep well have shown that small posts
(e.g., with a height (Hp) less than or equal to 4 um) exposed
to a stmilar flow velocity as above, have little influence on
the orientation, but a 5-um high (Hp) post 1s suflicient to
cause an 1nverted post enhanced diode 210 to tlip while a
non-inverted post enhanced diode 210 will remain 1 a
non-inverted orientation. Experimental data has demon-
strated that the modeling revealing the aforementioned
dimensions 1s reliable, and that a post with dimensions of 12
umx3 um (WpxHp) 1s able to influence the ornientation of
fluidically-aligned disks, with a yield of over 99.7% of disks
(out of 150 disks) having a desired non-inverted orientation.
The following table shows additional modeling data for the
net moment of force for mverted post enhanced diodes 210
having different diode structure widths (Wd) and ratios of
post height to width (HpxWp):

Wpx Hp=10x3 WpxHp=15x)5

Wd =40 um +0.29 x — —
10714 N-m

Wd =50 um +0.52 x — —
10~ N-m

Wd =70 um ~0.29 x ~0.11 x +0.07 x
10~ N-m 10~ N-m 10714 N-m

Wd =90 um ~1.57 x ~1.33 x ~1.13 x
10~ N-m 10~ N-m 10714 N-m

Turning to FIG. 2e, a cross sectional view 290 of another
embodiment of a post enhanced diode 210 where side walls

291, 292 of post 255 and sidewalls 295, 296 of diode

structure 285 each exhibit a tapered slope compared with the
vertical slope shown 1n cross sectional view 250 of FIG. 2c.
As discussed above, where the sidewalls are tapered (1.e.,
vary as a function of height), the width of the post (Wp) 1s
the maximum width thereof, and the width of diode structure
285 (Wd) 1s the maximum width thereol as shown 1n cross
sectional view 290. The taper exhibited by the sidewalls waill
vary dependent upon the processes and materials used for
constructing post enhanced diodes 130 as 1s known in the
art. Similar tapering may occur on the sides of wells 205. It
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should be noted that addition of the post to diode structure
285 results an asymmetry of forces generated by liquid
movement around a plate diode between an iverted orien-
tation and a non-inverted orientation. As such, the post need
not be a pertfectly vertical structure, but rather may be any
structure sutlicient to result 1n a net positive moment of force
when post enhanced diode 210 1s in an mverted orientation,
and a substantially lower moment of force when post
enhanced diode 210 1s in a non-inverted orientation such that
post enhanced diodes 210 will prefer a non-inverted orien-
tation. In some cases, the depth of wells 205 1s substantially
equal to the height of diode structure 283 of each of the post
enhanced diodes 210, and the inlet opening of wells 205 1s
greater that the width of diode structure 285 of each of the
post enhanced diodes 210 such that only one post enhanced
diode 210 deposits into any given well 205.

Once post enhanced diodes 210 are deposited in wells 205
with post 255 extending away from substrate portion 230,
one or more electrical contacts in wells 205 are connected to
one or more electrical contacts on bottom surface 275 of post
enhanced diodes 210, and one or more processing steps are
performed to electrically connect one or more electrical
contacts on top surface 243 of post enhanced diodes 210 to
controllable signals. Upon completion of such processing,
post enhanced diodes 210 can be individually controlled
causing a display including substrate portion 230 and post
enhanced diodes 210 to display a desired image. Post
enhanced diodes 210 as discussed herein may be used,
among other things, to fabricate both direct emission dis-
plays and locally-addressed backlight units.

Turning to FIGS. 3a-3b6, a top view 300 and a cross
sectional view 301 of a portion of a display including a well
312 into which a post enhanced diode 210 can be deposited
1s depicted in accordance with some embodiments of the
present imventions. As shown, the display includes a sub-
strate 390 composed of a polymer material 315 laminated to
the surface of a glass substrate 305. It should be noted that
materials other than glass may be used in place of glass
substrate. Additionally, other conductive or non-conductive
layers may exist between materials 315 and 305. Further, 1t
should be noted that 1n some cases polymer material 315
may be replaced by glass or another suitable material. In

Wp x Hp = 20 x 7

+0.09 x
10714 N-m

some embodiments, substrate 315 1s made by forming an
clectric contact layer on the surface of glass substrate 305,

and etching the electric contact layer to yield an electrical
contact 335 at a location corresponding to a future well. It
should be noted that while electrical contact 3335 1s shown as
a donut shape, that it may be a solid circle shape as there 1s
not a through hole via or another suitable shape for forming
an electrical contact 1n the bottom of a well. Polymer
material 3135 1s then laminated over glass substrate 305 and
clectrical contact 335, followed by an etch of polymer
material 315 to open well 312 defined by a sidewall 314 and
expose a portion of electrical contact 335. Electrical contact
335 may be formed of any maternial capable of forming an
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clectrical junction with bottom surface 275 of a post
enhanced diode 210. In some cases, electrical contact 335 1s
formed of a metal that when annealed with a post enhanced
diode 210 disposed within well 312 forms an electrically
conductive location between a signal connected to electrical
contact 335 and eclectrically conductive material 270 of a
post enhanced diode 210. In some embodiments, the depth
of well 312 1s substantially equal to the height of the diode
portion (Hd) of a post enhanced diode 210 such that only one
post enhanced diode 210 deposits 1n well 312.

During fluidic assembly a liquid flow (indicated by arrows
360) results 1n drag forces on post enhanced diodes 210
traversing the surface of substrate 390. Because post
enhanced diodes 210 include a post 255 extending from the
diode structure, the drag forces have an asymmetric impact
on the orientation of the plate diodes. In particular, the drag
forces result 1n a positive moment of force about a fixed
point of rotation (e.g., an edge of the diode structure in
contact with the surface of substrate 390) that will flip an
inverted post enhanced diode 210 1nto a non-inverted ori-
entation. In contrast, the drag forces on a non-inverted post
enhanced diode 210 due to the liquid flow are primarily due
to perturbations around post 255, and the forces exerted on
the diode structure of a post enhanced diode 210 lead to a
negative net moment of force. This negative net moment of
force the leading edge (1.e., the edge leading 1n the direction
of arrows 360) of the diode structure down and stabilizes the
post enhanced diode 210 in the non-inverted orientation.

A similar asymmetric impact of the drag forces occurs
between a post enhanced diode 210 deposited in a non-
inverted orientation 1 well 312 (shown 1n a cross sectional
view 302 of FIG. 3¢), and a post enhanced diode 210
deposited 1n an mverted orientation in well 312 (shown 1n a
cross sectional view 303 of FIG. 3d). As shown 1n FIG. 3¢,
any moment of force around the lower right corner of post
enhanced diode 210 caused by the liquid flow 1s offset by
forces exerted on top surface 245 of post enhanced diode
210 resulting 1n a negative net moment of force tending to
maintain post enhanced diode 210 deposited 1n well 210. As
shown 1n FIG. 3d, when post enhanced diode 210 1s imnverted
in well 312 top surface 245 acts a hydrofoil generating a
lifting force from the liquid flow such that a net positive
moment of force results around the rnight side of post
enhanced diode 210 contacting side 314 of well 312. This
net positive moment of force tends to cause post enhanced
diode 210 to flip 1n a direction indicated by an arrow 370
such that post enhanced diode 210 1s forced out of well 312
and possibly mto a non-inverted orientation as the liquid
flow moves post enhanced diode 210 toward another down-
stream well where 1t may re-deposit.

Turning to FIGS. 4a-4b, a top view 400 and a cross
sectional view 401 of a portion of a display including a
through hole via well 412 1nto which a post enhanced diode
210 can be deposited 1s depicted 1n accordance with some
embodiments of the present inventions. As shown, the
display includes a substrate 490 composed of a polymer
material 415 laminated to the surface of a glass substrate
405. Additionally, other conductive or non-conductive lay-
ers may exist between materials 415 and 405. It should be
noted that materials other than glass may be used 1n place of
glass substrate. Further, it should be noted that 1n some cases
polymer material 415 may be replaced by glass or another
suitable material. In some embodiments, substrate 415 1s
made by forming an electric contact layer on the surface of
glass substrate 405, and etching the electric contact layer to
yield an electrical contact 435 at a location corresponding to
a future well. Polymer material 415 1s then laminated over
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glass substrate 405 and electrical contact 435, followed by
an etch of polymer material 415 to open well 412 and expose
a portion of electrical contact 435. Flectrical contact 435
may be formed of any material capable of forming an
clectrical junction with bottom surface 275 of a post
enhanced diode 210. In some cases, electrical contact 435 1s
formed of a metal that when annealed with a post enhanced
diode 210 disposed within well 412 forms an electrically
conductive location between a signal connected to electrical
contact 435 and electrically conductive material 270 of a
post enhanced diode 210. In some embodiments, the depth
of well 412 1s substantially equal to the height of the diode
portion (Hd) of a post enhanced diode 210 such that only one
post enhanced diode 210 deposits 1n well 412.

An additional process 1s performed to form a through hole
via 425 extending through glass substrate 405. In some
cases, the width of through hole via 425 (Wv) 1s less than a
minimum width of post 2355 to assure that post 255 does not
isert mnto through hole via 425 when post enhanced diode
210 1s mverted 1n well 412 as such msertion would limit the
ability for post enhanced diode 210 to flip out of well 412.
In other cases, through hole via 425 1s substantially centered
in well 512 and post 255 1s considerably ofl-center on top
surface 425 of the diode structure, or through hole via 425
1s considerably off-center in the base of well 312 and post
235 1s substantially centered on top surface 425 of the diode
structure such that when a post enhanced diode 210 deposits
in well 512 1n an 1nverted orientation post 255 does not align
with through hole via 425.

During fluidic assembly a liquid flow (indicated by arrows
460) results 1n drag forces on post enhanced diodes 210
traversing the surface of substrate 490. Because post
enhanced diodes 210 include a post 2535 extending from the
diode structure, the drag forces have an asymmetric impact
on the orientation of the plate diodes. In particular, the drag
forces result 1n a positive moment of force about a fixed
point of rotation (e.g., an edge of the diode structure in
contact with the surface of substrate 490) that will tlip an
inverted post enhanced diode 210 nto a non-inverted ori-
entation. In contrast, the drag forces on a non-inverted post
enhanced diode 210 due to the liquid tlow are primarily due
to perturbations around post 235, and the forces exerted on
the diode structure of a post enhanced diode 210 lead to a
negative net moment of force. This negative net moment of
force the leading edge (1.e., the edge leading in the direction
of arrows 460) of the diode structure down and stabilizes the
post enhanced diode 210 1n the non-inverted orientation.

A similar asymmetric impact of the drag forces occurs
between a post enhanced diode 210 deposited in a non-
inverted orientation in well 412 (shown 1n a cross sectional
view 402 of FIG. 4c¢), and a post enhanced diode 210
deposited 1in an mverted orientation in well 412 (shown 1n a
cross sectional view 403 of FIG. 4d). As shown 1n FIG. 4c,
any moment of force around the lower right corner of post
enhanced diode 210 caused by the liquid flow 1s ofiset by
forces exerted on top surtace 245 of post enhanced diode
210 resulting 1n a negative net moment of force tending to
maintain post enhanced diode 210 deposited 1n well 210. As
shown 1n FI1G. 4d, when post enhanced diode 210 1s inverted
in well 412 top surface 245 acts a hydrofoil generating a
lifting force from the liquid flow such that a net positive
moment ol force results around the right side of post
enhanced diode 210 contacting a side of well 412. This net
positive moment of force tends to cause post enhanced diode
210 to tlip 1n a direction indicated by an arrow 470 such that
post enhanced diode 210 1s forced out of well 412 and

possibly mnto a non-inverted orientation as the liquid flow
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moves post enhanced diode 210 toward another downstream
well where it may re-deposit.

Additionally, a suction may be applied to the bottom side
ol substrate 490. When post enhanced diode 210 deposits 1n
well 412 1n a non-1nverted orientation such as that shown in
cross sectional view 402, the applied suction force further
stabilizes post enhanced diode 210 1n well 412. It should be
noted that the applied suction also provides some stabiliza-
tion of a post enhanced diode 210 deposited 1n well 412 1n
an inverted orientation, but the stabilization due to the
suction on a non-mverted post enhanced diode 210 1s
substantially greater than that on an inverted post enhanced
diode 210. Such suction allows for increased assembly
speed. Additionally, at the end of fluidic assembly after
depositing or placing post enhanced diodes in a number of
wells, a clean up process 1s performed to remove any excess
post enhanced diodes. The addition of the suction force
allows for a more aggressive clean up operation including,
for example, tlowing a cleaming fluid over the surface of
substrate 490 at a much higher rate than that used during the
deposition process without disturbing the deposited post
enhanced diodes 210 held in place in part by the added
suction force.

Turning to FIGS. 5a-5b, a top view 300 and a cross
sectional view 301 of a portion of a display including a
through hole via well 512 into which a post enhanced diode
210 can be deposited 1s depicted 1n accordance with some
embodiments of the present inventions. As shown, the
display includes a substrate 590 composed of a polymer
material 515 laminated to the surface of a glass substrate
505. It should be noted that materials other than glass may
be used i place of glass substrate. Additionally, other
conductive or non-conductive layers may exist between
materials 515 and 505. Further, it should be noted that in
some cases polymer material 315 may be replaced by glass
or another suitable material. In some embodiments, substrate
515 1s made by forming an electric contact layer on the
surface of glass substrate 5035, and etching the electric
contact layer to yield an electrical contact 533 at a location
corresponding to a future well. Polymer material 515 1s then
laminated over glass substrate 505 and electrical contact
535, followed by an etch of polymer matenial 515 to open
well 512 and expose a portion of electrical contact 535.
Electrical contact 535 may be formed of any material
capable of forming an electrical junction with bottom sur-
face 275 of a post enhanced diode 210. In some cases,
clectrical contact 535 1s formed of a metal that when
annealed with a post enhanced diode 210 disposed within
well 512 forms an electrically conductive location between
a signal connected to electrical contact 5335 and electrically
conductive material 270 of a post enhanced diode 210. In
some embodiments, the depth of well 512 1s substantially
equal to the height of the diode portion (Hd) of a post
enhanced diode 210 such that only one post enhanced diode
210 deposits 1n well 512.

An additional process 1s performed to form a through hole
via 525 extending through glass substrate 505. In some
cases, the width of through hole via 525 (Wv) 1s less than a
mimmum width of post 2355 to assure that post 255 does not
isert into through hole via 525 when post enhanced diode
210 1s inverted 1n well 512 as such msertion would limit the
ability for post enhanced diode 210 to flip out of well 512.
In other cases, through hole via 525 is substantially centered
in well 512 and post 255 1s considerably ofl-center on top
surface 5235 of the diode structure, or through hole via 525
1s considerably off-center in the base of well 312 and post

2355 1s substantially centered on top surface 525 of the diode
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structure such that when a post enhanced diode 210 deposits
in well 512 1n an 1nverted orientation post 255 does not align
with through hole via 525.

Further, substrate 590 1s etched to form a groove 510
concentrically around well 512. As shown, 1n some embodi-
ments groove 510 exhibits one substantially vertical side
wall and one highly tapered side wall. The tapered side wall
1s less likely to catch a leading edge of post enhanced diode
210 traversing the surface of substrate 5390 in either a
non-inverted orientation (shown in a cross sectional view
502 of FIG. 3¢) or an mverted orientation (shown in a cross
sectional view 3503 of FIG. 5¢) 1n a direction indicated by an
arrow 570. As the edge catches, a moment of force develops
around the edge inducing post enhanced diode 210 to tlip. In
contrast, a more vertical side wall on groove 510 1s more
likely to catch a leading edge of post enhanced diode 210
traversing the surface of substrate 390 1n an 1nverted orien-
tation (shown in cross sectional view 303 of FIG. 3¢), but
unlikely to catch the leading edge of post enhanced diode
210 traversing in a non-inverted orientation (shown 1n cross
sectional view 502 of FIG. 3¢). To limit the ability for
groove 310 to catch the leading edge of post enhanced diode
210 traversing in a non-inverted orientation (shown 1n cross
sectional view 302 of FIG. 3¢), the width of groove 510 1s
relatively small. In some embodiments, the width of groove
1s less than twenty-five percent of the width of the diode
structure (Wd). Groove 510 should be designed such that it
1s large enough to catch a leading edge of an inverted post
enhanced diode 210, but small enough to let a non-inverted
post enhanced diode 210 pass without catching a leading
edge. As further guidance to avoiding catching a leading
edge of a non-1nverted post enhanced diode 210, groove 510
should be flush with the surface of substrate 590.

It should be noted that other shapes for groove 510 are
possible 1 accordance with other embodiments of the
present invention. For example, groove 510 may include two
substantially vertical walls with each wall about equal 1n
catching a leading edge of a post enhanced diode 210
traversing the surface of substrate 390 1n an 1nverted orien-
tation. Thus, regardless of the direction that a post enhanced
diode 210 1s traversing the surface of substrate 590, it is
equally likely to catch and flip. In such cases, 1t may be
desirable to make the width of groove 510 less than the
width of post 255 to avoid the possibility of post 255
mserting mto groove 510 and becoming trapped.

During fluidic assembly a liquid flow (indicated by arrows
560) results 1n drag forces on post enhanced diodes 210
traversing the surface of substrate 590. Because post
enhanced diodes 210 include a post 2535 extending from the
diode structure, the drag forces have an asymmetric impact
on the orientation of the plate diodes. In particular, the drag
forces result 1n a positive moment of force about a fixed
pomnt of rotation (e.g., an edge of the diode structure in
contact with the surface of substrate 590) that will tlip an
inverted post enhanced diode 210 into a non-inverted ori-
entation. In contrast, the drag forces on a non-inverted post
enhanced diode 210 due to the liquid tlow are primarily due
to perturbations around post 235, and the forces exerted on
the diode structure of a post enhanced diode 210 lead to a
negative net moment of force. This negative net moment of
force about the leading edge (1.e., the edge leading 1n the
direction of arrows 560) of the diode structure holds the
diode structure down and stabilizes the post enhanced diode
210 in the non-inverted orientation.

In some cases, the drag forces on an inverted post
enhanced diode 210 traversing the surface of substrate 590
are insutlicient to cause a change in orientation. This may be




US 10,643,870 B2

15

in part due to the difference between the rate at which the
carrier fluid 1s flowing and the rate at which the inverted post
enhanced diode 210 1s moving 1s insuflicient. However,
when a leading edge of an inverted post enhanced diode 210
catches 1n groove 510, the relative rate at which the carrier
fluid 1s flowing and the rate at which the inverted post
enhanced diode 210 1s moving increases. This increase in the
relative velocity results 1n a corresponding increase i drag,
torces and likelihood of flipping. As groove 510 1s less likely
to catch a leading edge of a non-inverted post enhanced
diode 210, the impact of the groove on non-inverted post
enhanced diodes 210 1s insubstantial.

While the preceding embodiment disclosed a groove
concentric around a well, other locations and geometries for
a groove may be used 1n accordance with different embodi-
ments. For example, FIG. 6a shows a top view 600 of a
substrate portion 605 including a number of wells 610 1nto
which post enhanced diodes 210 may be deposited. In
addition, a number of parallel grooves 620 are formed 1n the
surface ol substrate portion 605 such that the direction of
flow (shown by an arrow 601) 1s generally perpendicular to
grooves 620. In this configuration, grooves 620 perturb the
orientation of mnverted post enhanced diodes 210 traversing
substrate portion 605 similar to that discussed above 1n
relation to FIG. 5. As another example, FIG. 65 shows a top
view 650 of a substrate portion 655 including a number of
wells 660 into which post enhanced diodes 210 may be
deposited. In addition, a number of parallel grooves 670 are
formed 1n the surface of substrate portion 655 such that the
direction of flow (shown by an arrow 651) 1s generally
perpendicular to grooves 670. In this configuration, grooves
670 perturb the orientation of inverted post enhanced diodes
210 traversing substrate portion 655 similar to that discussed
above 1n relation to FIG. 3.

Turning to FIG. 7, a flow diagram 700 depicts a method
for forming a post enhanced diode 1n accordance with some
embodiments of the present inventions. Following tflow
diagram 700, a first doped layer 1s formed (block 7035). The
first doped layer 1s formed by doping a semiconductor
material with a first dopant type which 1s either a p-type
dopant or an n-type dopant. Any process known 1n the art for
forming a doped material may be used. In some embodi-
ments, the first doped layer 1s an n-doped GaN layer.

An MQW layer 1s formed on the first doped layer (block
710). Any process known in the art for forming an MQW
layer may be used. A second doped layer 1s formed on top
of the MQW layer (block 715). The second doped layer 1s
tformed by doping a semiconductor material with a second
dopant type which 1s the opposite doping of the first dopant
type. Any process known 1n the art for forming a doped
material may be used. In some embodiments where the first
doped layer 1s an n-doped GaN layer, the second doped layer
1s a p-doped GaN layer.

A post 1s Tormed on the second doped layer (block 720).
Various approaches may be used for forming a post extend-
ing from the second doped layer. For example, fabricating a
homogeneous post may be done as part of the second doped
layer where a semiconductor material 1s formed on the
MQW layer, and then etched back leaving a thick post
structure and a thinner layer of the semiconductor extending
from the edges of the post to the edges of the MQW layer.
In this case, the second doped layer may be doped after the
post 1s fTormed. As another example, the post may be formed
on the second doped layer after the second doped layer has
been doped through selective epitaxial growth using the
same material to as the second doped layer. As other
examples, forming a heterogeneous post may include etch-
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ing the post from a film that 1s deposited onto the second
doped layer, or by forming a post with a different material
through plating or a templated growth process on top the
second doped layer. This latter approach permits the use of
any material for the post (e.g., dielectrics, metals, etc.). In
some cases, photolithography of a photo resist may be used
in relation to the alorementioned plating or template growth.
While not shown in flow diagram 700, individual post
enhanced diodes can then be cut by etching through the
combination of the second doped material, the MQW layer,
and the first doped material to vyield individual post
enhanced diodes similar to those discussed above 1n relation
to FIGS. 2b6-2e.

Turning to FIG. 8, a flow diagram 800 shows a method for
depositing or placing post enhanced diodes into substrate
wells 1n accordance with various embodiments of the pres-
ent inventions. Following flow diagram 800, a substrate 1s
formed 1including a plurality of wells each capable of accept-
ing a post enhanced diode (block 810). The substrate may be
formed similar to that discussed above 1n relation to any of
FIGS. 3-5. In addition, a suspension 1s formed by adding a
plurality of post enhanced diodes to a carrier liquid (block
8035). In some cases, the carrier liquid 1s 1sopropanol, but
may be another liquid or gas capable of moving post
enhanced diodes across the surface of a substrate.

The suspension 1s deposited on a surface of the substrate
that includes the wells (block 815). This deposit may be
done by any suitable method including, but not limited to,
pumping the suspension or draining the suspension onto the
surface. The suspension 1s then agitated on the substrate
such that the plurality of post enhanced diodes in the
suspension move relative to the surface of the substrate and
deposit 1nto respective ones of the plurality of wells (block
820). Because of the asymmetry of force due to the post
extending from a top surface of a diode structure, the post
enhanced diodes tend to assume a non-inverted orientation
when exposed to movement ol the carrier liquid. The
suspension including non-deposited post enhanced diodes
and the carrier liquid 1s removed from the surface of the
substrate 1n a clean-up process (block 825).

Turming to FIG. 9, a flow diagram 900 shows another
method for depositing or placing post enhanced diodes into
substrate wells 1n accordance with various embodiments of
the present imventions. Following flow diagram 900, a
substrate 1s formed including a plurality of wells each
capable of accepting a post enhanced diode and at least one
groove capable of catching a leading edge of an inverted
post enhanced diode traversing the surface of the substrate
(block 810). The substrate may be formed similar to that
discussed above 1n relation to any of FIGS. 3-5, and include
a groove pattern similar to that discussed above 1n relation
to FIGS. 5-6. In addition, a suspension 1s formed by adding
a plurality of post enhanced diodes to a carrier liquid (block
805). In some cases, the carrier liquid 1s 1sopropanol, but
may be another liqmd or gas capable of moving post
enhanced diodes across the surface of a substrate.

The suspension 1s deposited on a surface of the substrate
that includes the wells (block 915). This deposit may be
done by any suitable method including, but not limited to,
pumping the suspension or draining the suspension onto the
surface. The suspension 1s then agitated on the substrate
such that the plurality of post enhanced diodes in the
suspension move relative to the surface of the substrate and
deposit 1nto respective ones of the plurality of wells (block
920). Because of the asymmetry of force due to the post
extending from a top surface of a diode structure, the post
enhanced diodes tend to assume a non-inverted orientation
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when exposed to movement of the carrier liquid. Further,
because of the possibility of inverted post enhanced diodes
catching a leading edge 1n the groove on the surface of the
substrate as they move across the substrate, the tendency of
the post enhanced diodes to assume a non-inverted orienta-
tion when exposed to movement of the carrier liquid 1s
increased. The suspension including non-deposited post
enhanced diodes and the carrier liquid 1s removed from the
surface of the substrate 1n a clean-up process (block 925).

One of ordinary skill in the art will recognize various
advantages achievable through use of different embodiments
of the inventions. As just some of many advantages, lower
display costs are possible as a significant cost of manufac-
turing a microLED display 1s the material cost of the
microLEDs themselves. As some embodiments of the pres-
ent mventions allow for reducing redundancy otherwise
necessary to assure an operable display, the overall number
of microLEDs may be reduced resulting in a corresponding
reduction in costs. Various embodiments of the present
inventions do not require lock-n-key type interaction
between post enhanced diodes and wells which allow diodes
to deposit 1n only a single orientation. As such, manufac-
turing tolerances may be reduced leading to greater yields
and/or lower costs. Based upon the disclosure provided
herein, one of ordinary skill in the art will recognize a
variety of other advantages achievable through use of one or
more embodiments of the present inventions.

In conclusion, the invention provides novel systems,
devices, methods and arrangements for fluidic assembly.
While detailed descriptions of one or more embodiments of
the mvention have been given above, various alternatives,
modifications, and equivalents will be apparent to those
skilled in the art without varying from the spirit of the
invention. For examples, while some embodiments are dis-
cussed 1n relation to displays, it 1s noted that the embodi-
ments find applicability to devices other than displays.
Theretfore, the above description should not be taken as
limiting the scope of the invention, which 1s defined by the
appended claims.

What 1s claimed 1s:

1. A method for assembling a display device, the method
comprising:

providing a substrate, wherein the substrate includes at

least one groove extending blow a top surface of the
substrate;

providing a suspension including a carrier liquud and a

plurality of post enhanced diodes, wherein each of the
post enhanced diodes includes a post extending from a
top surface of a diode structure; and

orienting the plurality of post enhanced diodes 1n relation

to the top surface of the substrate by flowing the
suspension over the at least one groove in the top
surface of the substrate, wherein an orientation of a post
enhanced diode where the post extends away from the
substrate 1s a more likely non-inverted orientation, and

wherein an orientation of each of a post enhanced diode

where the post extends toward the substrate 1s a less
likely mverted orientation.

2. The method of claim 1, wherein the at least one groove
1S Conﬁgured such that a post enhanced diode carried in the
suspension across the at least one groove in the surface of
the substrate in the non-inverted orientation 1s more
mechanically stable than the post enhanced diode carried in
the suspension across the at least one groove 1n the surface
of the substrate 1n the inverted orientation.

3. The method of claim 1, wherein the post 1s a non-
metallic post.
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4. The method of claim 1, wherein the post 1s a metallic
post.

5. The method of claim 1, wherein the post 1s selected
from a group consisting of: a non-conductive post, and a
conductive post.

6. The method of claim 1, wherein the substrate further
includes a plurality of wells extending below the top surface
of the substrate, wherein each of the plurality of wells 1s
configured to accept a post enhanced diode, the method
turther comprising;:

flowing the suspension over the top surface of the sub-

strate such that each of the of the plurality of wells 1s
filled with a respective one of the plurality of post
enhanced diodes in the non-inverted orientation.

7. The method of claim 6, wherein at least one sidewall of
a line extending into the substrate 1s tapered.

8. The method of claim 1, wherein the at least one groove
extends 1n a line across a portion of the substrate, and
wherein the line 1s selected from a group consisting of: a
straight line, and a curvilinear line.

9. The method of claim 8, wherein at least one sidewall of
the line extending into the substrate 1s substantially vertical.

10. A method for assembling a display device, the method
comprising;

providing a substrate, wherein the substrate includes a

plurality of wells extending into a top surface of the
substrate, wherein each of the plurality of wells 1s
configured to accept a post enhanced diode;
providing a suspension including a carner liquid and a
plurality of post enhanced diodes, wherein each of the
plurality of the post enhanced diodes includes a post
extending from a top surface of a diode structure; and

orienting the plurality of post enhanced diodes in relation
to the top surface of the substrate by flowing the
suspension over the plurality of wells, wherein an
ortentation ol a post enhanced diode where the post
extends away from the substrate is a non-inverted
orientation, wherein an orientation of each of a post
enhanced diode where the post extends toward the
substrate 1s an inverted orientation, wherein one of the
plurality of post enhanced diodes deposited 1n a respec-
tive one of the plurality of wells 1s more mechanically
stable 1n the non-inverted orientation than in the
inverted orientation.

11. The method of claim 10, wherein the substrate further
includes at least one groove extending into the top surface of
the substrate, the method further comprising:

flowing the suspension over the at least one groove in the

top surface of the substrate, wherein tlowing past the at
least one groove makes the non-inverted orientation
more likely than the mverted orientation.

12. The method of claim 11, wherein the at least one
groove 1s configured such that a post enhanced diode carried
in the suspension across the at least one groove 1n the surface
of the substrate 1n the non-mnverted orientation i1s more
mechanically stable than the post enhanced diode carried in
the suspension across the at least one groove in the surface
of the substrate 1n the mnverted orientation.

13. The method of claim 11, wherein the at least one
groove extends 1n a line across a portion of the substrate, and
wherein the line 1s selected from a group consisting of: a
straight line, and a curvilinear line.

14. The method of claim 13, wherein at least one sidewall
of the line extending into the substrate 1s tapered.

15. The method of claim 13, wherein at least one sidewall
of the line extending into the substrate i1s substantially
vertical.
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16. The method of claaim 10, wherein the post 1s a
non-metallic post.
17. The method of claim 10, wherein the post 1s a metallic
post.
18. The method of claim 10, wherein the post 1s a
non-conductive post.
19. The method of claim 10, wherein the post 1s a
conductive post.
20. The method of claim 10, the method further compris-
ng:
flowing the suspension over the top surface of the sub-
strate such that each of the of the plurality of wells 1s
filled with a respective one of the plurality of post
enhanced diodes in the non-inverted orientation.
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